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Preliminary eiperimentation(using an 8" MoDonnell pulse jet and

inlet duots varying in length from 1 1/2 to 6 feet) indicutos a serious loss

AN Yt | O e

in thrust due to the addition ¢f an inlet duct. Tho thrust doos not always

decrease with inocreasing duct length, however; indeed, there exist regions

where an increase in duct length actually results in a gain in thrust for E
8 given fuel flow, The maximum thrust obtainable with a given inlet duct I
is always less thun the muximum thrust obtainable without an inlet duct for :

E

the configurations tested,
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INTRODUCTION

In an effort to understand the effect of an iniet duct on the
performance of a pulse jet engine and if possible find a means of ractifying
any detrimental effects a theorotical and oxperimontul research program was
undertaken by the Cormell Aeronautical Laboratory, Ince for the 0ffice of
naval Research under Project Squid, Task Order ls This report covers the
first phase of the experimental work using an 8" licDonnel pulse Jet engine
with various lengths of inlet ducts as a test vehicle and essentially presents

the test results with a few pertinent comments.
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DESCRIPTION OF EXPERIMENTAL APPARATUS

The lcDonnell 8" pulse jot enpine (Ref. 1) is a conventional
pulse jet employing an intake valws bunk similar to thut of the Gorman V-1l
engine and a so called "augmentor" on the tailpipe. The combustion chamber

was drilled und un adapter was welded on to permit the installation of a

pressure pick~ups. The hclts used for attaching the intake vulve were ree
placed by longer bolts to permit the attachment of the various inlet ducts
(this nocessitated the romoval of the "ram" cowl), Cther thuan *ho nbove
mentioned modificutions no changes were made in the standard production model.

The four inlet ducts tected were simnly 6" I.D. tubes flanged at
one end for attachment to the pulse Jjet with an adapter for mowunting o pressure
pick-«up near the flanged end and varying in lepgth from 1 1/2 to 6 feety (Fig. 20),

It became apparent early in the program that some means for cooling

the complete Jet tube would be necessary for prolonged testing, as the tailpipe

and combustion chamber (without benefit of n cooling air stream) heated very

rapidly to a red heat which resulted in distortion of the tube. It was decided E

thut the most expedient cooling system wvould be water sprays impinglng dirsctly
onte the jet tube. Accordingly four 1/2" diameter tubes parallel with the Jet

major axis and spaced at 90° intervals around the jet werc mounted independently

of the jet suspension system. Wator injested under pressure into the ends of
the tubes sprayed out of {70 drilled holes in the sides of the tubes toward the

jet and completely covered the jot with a water film, Subsequent testing
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&,
proved the cooling system to be entirely auv-:.uate.
Pressure~time historles of the pressure fluctuations in the inlet

duct Just forward ol the intake wvalve und in the combustion chumber just

Il
JH g i “\ [l Ll

aft of the intake valve were transmitted by means of condenser type pick-vp

developed at N.Y.U. (Ref. 2)es The oscillograph traces were photographically

pc e T

revorded, and the complete system (ancluding transmitter, reoceiver, etc.) was
calibi'ated at the end of each run to allow the selection of the best sensitivity

on the oscillogrush Jor each pressure rangé.

All tests with the inlet ducts were run with un airstream of 188 Lap.Se
blowing directly into the inlet duct intake. The airstream was six inches in 3
diameter, so thet spilleover which would result in external aerodynamic drag
was minimized. It is not believed that fluctuating duct pressures affected the
flow from the air supply to an appreciable extent causing undue "spill-over", £
. The thrust was measured by means of a hydraulic piston and a pressure
gage as deseritiad in Refs 3, Tre modsl was mounted on the CohsL. one point

suspension thrust stand as discussed in the above merntioned referencao.
P

Mean pressures in the inlet duct and combustion chamber were read
by means of a mercury and a water munomster., The pressure taps were locuted
in the pressure pick-up adepters for convenience and to assure the reading of

the mean pressures as near the poinl of reading of the oyclic pressures as

T e e T P

possibleo

e T

ik —

RESTRICTED

u4-

Pttt et




I H‘WJ g

"y

RESTRICTED

CORNELL AERONAUTICAL LA BORATORY, INCe.
Buffalo, Yew York

DISCUSSION OF RESULTS

Effect of Water Cooling

As mentioned above, it became apparent early in the program that
some form of cooling would be necessary ‘n order to prevent too rapid deteri-
oration of the Jjet engine during the prolonged runs necessary for this experi-
mentotion, It was decided that water cooling would be used as described in

the section Description of Experimental Apparatus., It was then desirable to

determine the effect of cooling on the performance of this partioular engine,
Consequently two runs were made under static stream conditions with and without
water cooling. The variation of thrust with fuel flow for thece two conditions
is presented graphicully in Pige 7 As would be expected, the thrust for a
given fuel flow is less with the cooling than without. A% maximum thrust the

loss in thrust due to cooling is almost 7 per cent.

Effect of Inlet Ducts On Thrust

All tests with the inlet ducts were run with a stream of 188 f.pess
velocity and a diameter of 6 inches blowing directly into the inlet ducts.
Thrust was measured by means of a hydrauli: piston dewvice and fuel flow was
neasured with rotousters., The actual experimental datu for thrust and fuel
flow for the four inlet ducts are plotted in Fig. 4 and tabulated in Tadle I,
A oross-plot of Figo 4 for three fuel flows shows the effect of inlet duct
length on thrust as graphed in Fig. l. Maximum thrusts obtained with sn inlet
ducty were never asgreat as the maximum thrust obtained with no inlet duct (sf

about 100f), but it is obvious from Fige 1 that regions exist in which an
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increase in duct length is benoficiale In other words, thrust does not elways

decrease with increasing duct langth.

Lean Pressures ln the Inlot Ducte and Combustion Chamber

The variation of mean pressures in the inlet duct and combustion
chamber as measured with a manometer i{or various ratesof fuel flow is presented
in Figs. 5 and 6, In an effort to picture the pressure variations (for a given
fuel flow) with inlet duet longth, cross-plots of thoe above mentioned graphs
wore nade resuliing in Figs. 2 and & The combustion chamler mean pressure
varies with inlet duct lengrch about aus one would expect fror an inspeotion of
the thrust versus inlet duct length graphs The variation of inlet duct mean

pressuro with inlet duct length (Fig. 2), however, shows no consistent trend.

Transient Inlet Duct and Combustion Chember Pressures

As o double sweep oscillograp’. - not available, it was not possible
to record the combustion chamber and inlet duct pressure cycles simultaneouslye
It was therofore necessary to determine the phase relation bLetwsen the iwoe. a8
a first attempt a photoelectric cell was installed in the inlet duot fasing the
pulse joet intake valves It was thought that each pressure record might be
correlated with valve position. This set-up was found to be impractical due %o
mochanical and acoustic vibrations which caused failure of the photoelectric
cells It was subsequently discarded and another approach, apparently suce

cessfully, employeds This second technique employed an electronic aswitoh

(of 2000 cepese frequency) between the two pressure pick-ups and the oscillographe.
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By switching back and forth from one pickeup to +he other at the rate of
2000 copess the pressure record of the two pick-ups was recorded as shown in
Figse 8 through 19, This alloaws the determination of the phuse relation
between thc two ¢ycles. Tho question naturally arises, "Why was not this
technique employed throughout the exporimentatinon ruther than maving separate
pressure-time histnries of each locatien?" It was feared that this technigue
of using the electronic switch might obscure higber order fluctuations that
might occur while the switch vwas in operation, sltioupgh such fluctuaticns are
unimportant in determining the phase relutions Thersfore, separate traces

of the pressure cycles of each pick-up were photogranhed for quantitutive

analysise

The pressurs~time histories of the combustion chambeor and inlet

4
ducts with tine calidbration traces {made usirg the electronics switch as dise
cussed above) for the vurious inlet ducts with various fuel flews are nresented
g8, 3 through 19« The operatiug conditions correspending to these pressure

records are listed in Tabie I by run number. Jertain disczontinuities in the
pressure traces are noted in Figs. 12, i4, 15 and 16, It is believed that

these are due to & loose connection in the presaire pick-up which was discoverea
and repaired after run number 15 This need not invalidate the data, us the
discontinuities can easily be eliminated in any quantitative use of the pressure
traces by simply matching up the curves at the beginning and end of each " jumpl

In order to determine quantitative instantaneous pressures it ig necessary to

determine the mean pressure line for euch pressure trace (by integration of the
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pertinent curve). This line then corresponds to the mean pressure that was
measured on a manometer fcr euch run as listed in Table I on page 9.
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Ll

TARE I

RUN| DUCT |FUEL FLOW TERUST | DUCT MEAN*|  OONB. CH. ® .| ATMOS.P. | ATMOS.T.  DUCT
NO. | No. | HR. | PRES.#/102| MEAN PRESS.#/I8% #/IN° « | oF | LENGTH FT
1 1 290 90 14.62 18,74 14,42 70 11/2
2 1 170 40 14456 16.8% 14.42 70 11/2
3 1 141 15 14,71 15,70 14.42 70 11/2
4 1 290 96 14,72 18,89 14.42 70 11/2
5 1 221 72 14,67 17.91 14,42 70 11/2
6 1 137 17 14,79 15.60 14,42 70 11/2
7 2 220 78 15,08 18.48 14,80 67 3
8 2 156 39 14,88 17420 14,60 67 3

9 2 92 15 14,72 16,93 14,60 67 3

10 2 190 76 15,03 18,09 14,60 67 3

11 ? 116 30 14.73 16,32 14,60 67 3

12 2 76 14 14.76 15,34 14,60 67 3

13 3 172 63 156,28 18,07 1458 71 41/2

14 3 134 15 15,02 15012 14,58 71 41/2

16 3 163 41 15,16 16615 14.58 71 41/2

16 4 268 72 14.68 17,98 14,40 87.3 6

17 4 240 67 14.74 17.74 14.40 8743 6

18 | 4 205 32 14,65 15,58 14.40 8743 6

* Absolute Values

All dats listed were recorded with 188 fop.s. air stream blowing into duct inlet

and with water cooling.
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